A pair of SAR images acquired from different positions can be used to generate digital elevation model (DEM). Two techniques exploiting this characteristic have been introduced: stereo SAR and interferometric SAR. They permit to recover the third dimension (topography) and, at the same time, to identify the absolute position (geolocation) of pixels included in the imaged area, thus allowing the generation of DEMs. In this paper, StereoSAR and InSAR combined adjustment model are constructed, and unify DEM extraction from InSAR and StereoSAR into the same coordinate system, and then improve three dimensional positioning accuracy of the target. We assume that there are four images 1, 2, 3 and 4. One pair of SAR images 1,2 meet the required conditions for InSAR technology, while the other pair of SAR images 3,4 can form stereo image pairs. The phase model is based on InSAR rigorous imaging geometric model. The master image 1 and the slave image 2 will be used in InSAR processing, but the slave image 2 is only used in the course of establishment, and the pixels of the slave image 2 are relevant to the corresponding pixels of the master image 1 through image coregistration coefficient, and it calculates the corresponding phase. It doesn't require the slave image in the construction of the phase model. In Range-Doppler (RD) model, the range equation and Doppler equation are a function of target geolocation, while in the phase equation, the phase is also a function of target geolocation. We exploit combined adjustment model to deviation of target geolocation, thus the problem of target solution is changed to solve three unkonwns through seven equations. The model was tested for DEM extraction under spaceborne InSAR and StereoSAR data and compared with InSAR and StereoSAR methods respectively. The results showed that the model delivered a better performance on experimental imagery and can be used for DEM extraction applications.
INTRODUCTION
Synthetic Aperture Radar Interferometry (InSAR) is a landmark achievement with the development of SAR, and has a great potential in development and application. As fastest growing technologies in Earth science and remote sensing, InSAR is a hot research topic as well. With the fast development in SAR sensors, it provides possible massive, rapid and high-resolution SAR acquisitions for InSAR applications such as topographic mapping, surface deformation, hazard monitoring, glaciers movement, forest resources investigation, agriculture monitoring and wetland change mapping etc (Lu, Z. et al., 2014) . Nevertheless, how to effectively generate a high accuracy digital elevation model (DEM)in sophisticated terrain area using InSAR is still a hot research interest.
In sophisticated terrain regions, there are many problems in DEM extraction using InSAR (Zhang, J.X. et al., 2012) . Firstly, due to the SAR side-looking imaging model, a large shadow and serious layover area can be expected in the steep terrain area, which cause real terrain information loss and holes in DEM results. Secondly, in fractured terrain regions, the low coherence in interferograms and accuracy in DEM extraction are unable to support the practical demands. The above problems are even worse for DEM extraction using InSAR (Crosetto M. et al., 2000; Deng S et al., 2011; Eldhuset K et al., 2013) . Regarding to the above problems, research strategies and solutions are proposed in this paper. StereoSAR assisted InSAR, in sophisticated terrain area, this method exploits the advantages of InSAR and StereoSAR respectively to extract DEM comprehensively. Furthermore, StereoSAR and InSAR combined adjustment model are constructed and proposed as well. This model can unify DEM extraction from InSAR and StereoSAR into the same coordinate system, and then improve three dimensional positioning accuracy of the target.
STEREOSAR AND INSAR COMBINED
ADJUSTMENT MODEL
Overview
In the traditional SAR system, the target position along range direction is determined by the amount of SAR pulse propagation time between the target and the return radar, and the target position along azimuth direction is determined by the Doppler shift. In terms of geometry, location of the target is the intersection of the cone which takes the antenna as the center, the radar distance as the radius of the sphere and along the velocity vector as the axis, and angle is proportional to the Doppler frequency. The target point on the SAR image is located on a circle that passes through the target and is perpendicular to the plane of the sensor flight direction.
In InSAR processing, the interferometric phase is provided by using two or more SAR images, and it provides the technical means for obtaining the 3D position information of the target. Measured spatial target is not only the intersection of range sphere and Doppler cone, is but also needed to meet the interferometric phase equation (Bamler R. et al., 1998) Therefore, the spatial measured target point is the intersection of range sphere, Doppler cone and phase cone. Among them, the axis of Doppler cone denotes velocity vector, and the axis of phase cone denotes baseline vector. It's shown in figure 1. To be sure, although in the actual situation, the solution of interferometric phase equation is a hyperbolic surface, but in general application, the spherical wave of electromagnetic wave is considered to be a plane wave, and the hyperbolic plane is simplified to a conical surface. 
StereoSAR and InSAR combined adjustment model
Before DEM fusion generated from stereogrammetry and InSAR, in order to take stereo DEM and InSAR DEM into the same coordinate system, StereoSAR and InSAR combined adjustment model is constructed. StereoSAR and InSAR Range Doppler equations and phase equations are combined to uniform adjustment.
We assume that there are four images 1, 2, 3 and 4. One pair of SAR images 1,2 meet the required conditions for InSAR technology, and image 1 is the master image, then image 2 is the slave image, while the other pair of SAR images 3,4 can form stereo image pairs, and image 3 is the left image, then image 4 is the right image. The phase model is based on InSAR rigorous imaging geometric model. The master image 1 and the slave image 2 will be used in InSAR processing, but the slave image 2 is only used in the course of establishment, and the pixels of the slave image 2 are relevant to the corresponding pixels of the master image 1 through image coregistration coefficient, and it calculates the corresponding phase. It doesn't require the slave image in the construction of the phase model. In Range-Doppler (RD) model (Curlander, 1982) 
where
Similarly, The scatterer is located at the intersection of range sphere, Doppler cone and phase cone.
Because of the nonlinear equation, the equation must be linearized, and the initial value is given, and then it carries on iterative solution.
The error equations of single point are as follows: 
2 (0) 3 (0) 4 (0) 5 (0) 6(0) The DEM accuracy was checked by 42 GPS field survey points, and the error of combined DEM is about ±9.1 meters. The DEM accuracy comparison is shown in 
